test using polyclonal antisera has been reported. 4 In this study, monoclonal antibody (MAb) was used because of the potential advantages of lower background staining and of unlimited supply of antibody of more consistent quality. These advantages are important in a test to be used routinely in a diagnostic laboratory.
Hybridoma cells, produced from plasma cells sensitized to a combination of influenza viruses PR8, NT60, and recombinant virus E3376 14 obtained from the American Type Culture Collection (ATCC Hb65), were used to produce anti-SIV MAb-enriched ascites fluid (Cell & Hybridoma Facility, Iowa State University) as described previously. 15 The ascites fluid was determined by indirect FA test to have an antibody titer of 1:100,000 against SIV propagated on primary swine kidney cells. The MAb was directed against viral nucleoprotein. 14 The IHC procedure described for the detection of porcine reproductive and respiratory virus (PRRSV) antigen 5 was followed, except PRRSV MAb was replaced with SIV MAb. Four-micrometer-thick sections of formalin-fixed, paraffinembedded lung were placed on poly-L lysine a -coated glass slides and heated in a 57 C oven for 15 minutes. Tissue sections were deparaffinized by immersion in propylene-based glycol ether and a select blend of paraffinic solvents (alkanes) b and rehydrated by sequential immersions in ethanol of decreasing concentrations. Slides were flooded twice for 15 minutes with 3% hydrogen peroxide to remove endogenous peroxidase activity. Tissues were rinsed for 5 minutes in 0.1 M Tris HCl buffer (pH 7.5) (containing 0.15 M sodium chloride) and preheated in 37 C Tris buffer for 15 minutes and then placed in preheated 0.05% protease c for 2 minutes for enzyme digestion to expose viral antigens. Following 2 rinses with cold Tris buffer, slides were coverslipped using a coverslip system that allows for even dispersal of reagents by capillary action c and nonspecific proteins were blocked with 2 drops of blocking solution d for 20 minutes. Two drops of the primary anti-SIV antibody (mouse MAb) e diluted in Tris/ phosphate buffered saline (PBS) were then applied to a known positive control slide and to the test samples. Several dilutions of primary antibody (1:10, 1:50, 1:100, 1:1,000, 1:2,000) were evaluated. Granular brown staining in the nucleus and cytoplasm was detected in sections of lungs from pigs inoculated with SIV at all MAb dilutions tested (1:10, 1:50, 1:100, 1:1,000, 1:2,000). The 1:1,000 dilution was optimum; SIV antigen could be detected, and the background staining was minimal. Low dilutions (1:10, 1:50, 1:100) gave more background staining, and high dilution (1:2,000) gave only faint staining. Therefore, 1:1,000 dilution of MAb was used in the remainder of the study.
A separate control slide prepared with each test sample received 3 drops of normal mouse serum diluted 1:1,000 in place of the primary antibody. Sections were refrigerated at 4 C for 16 hours. All sections were rinsed with Tris buffer for 5 minutes, and 2 drops of biotinylated goat anti-mouse antibody d (secondary antibody) was applied and incubated for 30 minutes at room temperature. Slides were rinsed with Tris buffer for 5 minutes, 2 drops of peroxidase-conjugated streptavidin d were added, and the slides were incubated for 30 minutes at room temperature. Slides were then rinsed with Tris buffer for 5 minutes. Diaminobenzidine tetrahydrochloride f solution (chromogen) was freshly mixed and applied to the tissue sections for 5 minutes. Slides were rinsed in distilled water for 5 minutes. Tissue sections were counterstained with Gill's hematoxyling for 10 seconds, rinsed in tap water for 5 minutes, and rinsed again in distilled water. Tissue sections on slides were dehydrated with ethanol, cleared, mounted, and coverslipped.
The isolation of SIV was done by embryonated egg inoculation via intra-allantoic route as described previously. 12 Amnioallantoic fluid was harvested from inoculated eggs (that survived) and centrifuged, and the supernatant was tested for hemagglutinating activity. Hemagglutination was performed using chicken red blood cells as described previously. 12 A direct FA test was used to detect SIV antigen in frozen sections of lungs using an anti-SIV polyclonal antibody produced in gnotobiotic pigs against strain A/Swine/Iowa/73/ H1N1. h Tissue specimens for FA examination were cut with a scalpel into approximately 1.25-cm sections and placed on a chuck containing embedding medium. The chuck was placed into a cryostat set at -20 C, and tissues were cut into 4-µm sections and placed on glass slides. Tissues were fixed in acetone for 10 minutes and air dried. Two to 3 drops of fluorescein-labeled primary antibody was pipetted onto each slide, and tissues were then incubated at 37 C for 0.5 hour in a moist incubator. Slides were rinsed in PBS, counterstained with Azo dye, a and rinsed in millipore-filtered water. After the slides had dried, 2 drops of carbonate-bicarbonate and glycerol mixture (pH 9, 10% buffer) was applied as mounting medium for coverslips, and slides were read for fluorescence using an ultraviolet microscope. 1 Lung samples were fixed in 10% buffered formalin for 24 hours and routinely processed into paraffin blocks. Slides were prepared by cutting tissues into 5-µm sections and routinely processing and staining with hematoxylin and eosin. Tissue sections were examined for the presence of characteristic microscopic lesions of interstitial pneumonia with necrosis of bronchiolar epithelium, suggestive of infection with influenza virus. 2 Tissues were obtained from 4 previous experiments and from diagnostic cases submitted to the ISU-VDL.
1. Six caesarian-derived, colostrum-deprived (CDCD) 5-week-old pigs serologically negative for SIV antibodies were experimentally inoculated intranasally with 1 of 2 different strains of influenza virus, A/swine/IA41188/94/ H1N1 (3 pigs) or A/swine/IA40776/94/H1N1 (3 pigs).
Three negative control pigs were inoculated with fluid from uninfected eggs. 8 IHC was used to test tissues from pigs inoculated with 1 of the 2 strains and necropsied at 24, 48, or 72 hours postinoculation (PI). Animals were housed in isolation units. 2. Tissues were obtained from 5 8-week-old pigs (derived from sows obtained from disease-free herds and farrowed in isolation units) experimentally infected with Mycoplasma hyopneumoniae and euthanized at 4 weeks Pl. 13 3. Tissues were obtained from 5 CDCD pigs experimentally infected with PRRSV and euthanized 1-28 days Pl. 6 Tissues were evaluated with the IHC test, and results of this test were compared with results of FA, VI, and histopathologic examinations conducted on the same tissues.
The IHC procedure was tested on lung tissue from uninfected control pigs, from pigs experimentally infected with SIV, and from pigs with field cases of swine respiratory disease. In pigs infected with SIV experimentally and pigs with field cases of swine influenza, the SIV antigen was detected primarily in bronchial and bronchiolar epithelial cells and was characterized by an intense diffuse brown staining of the nucleus, often obscuring nuclear detail (Fig. 1A) . In some cells, the entire cytoplasm stained brown. In cells with less intense staining, large granules or irregularly distributed fine granular brown staining of the cytoplasm was sometimes observed in the absence of nuclear staining. Similar staining was evident in sloughed epithelial cells within the exudate in airway lumina. Frequently, SIV also was detected within alveolar macrophages and occasionally within pneumocytes (Fig. 1B) . SIV antigen was demonstrated in nasal turbinate epithelium of 2 naturally infected pigs in which staining also was observed in the lungs (Fig. 1C) .
In some lung sections of naturally and experimentally infected animals and control animals, finely granular faint brown staining was observed within the supranuclear portions of epithelial cells lining bronchials and in submucosal mucous glands. This staining was most often evident when general background staining was most intense and was considered nonspecific staining. Nuclear staining was not observed in these cells. The IHC test did not produce staining in sections from any of the field cases of PRV, cytomegalovirus, or paramyxovirus infections or in lung from pigs experimentally infected with PRRSV, PRCV, or M. hyopneumoniae. No staining was seen in tissues from the 19 experimental control CDCD pigs.
A comparison of IHC with the traditional methods of diagnosis of swine influenza was made in 85 cases of porcine respiratory disease in which all 4 diagnostic methods (VI, FA, IHC, histopathology) were employed (Table 1) . Characteristic microscopic lesions were demonstrated in 42 cases (49.5%) 34 cases (40%) were positive by IHC, 31 cases (36.5%) were positive by VI, and 17 cases (20%) were positive by FA. Fifty-four cases were positive by 1 or more methods. Seventeen cases were positive by 1 method only. Ten of these 17 cases were positive by histopathology only. Fifteen cases Table 1 . Comparison of immunohistochemistry (IHC) on formalin-fixed tissue with fluorescent antibody (FA), virus isolation (VI), and histopathology (lesions) for the diagnosis of swine influenza virus infection in 85 cases of swine respiratory disease.
were positive by 2 methods, and 11 cases were positive by 3 methods. Eleven cases were positive for the presence of SIV by all 4 diagnostic methods. Thirty-one cases were negative by all methods.
Agreement among tests was compared (Fig. 2) . When FA was compared to histopathology for characteristic microscopic lesions, approximately 63% of results were in agreement, i.e., either positive or negative by both methods. FA and VI showed 69% agreement, and histopathology and VI showed 70% agreement. The results of IHC were then compared with those ofhistopathology, VI, and FA. A 74% agreement was found between IHC and histopathology, 78% agreement was found between IHC and VI, and 75% agreement was found between IHC and FA.
This study has shown that MAb (ATCC Hb 65) against SIV nucleoprotein can be used in an IHC test for the detection of SIV. SIV antigen was evident in lungs of pigs experimentally inoculated with SIV but was not demonstrated in lung sections from pigs experimentally or naturally infected with other respiratory viruses or mycoplasma or from uninfected control pigs.
IHC using polyclonal antibodies for the demonstration of SIV in formalin-fixed, paraffin-embedded tissues has been described. 4 In that study, use of MAb directed against the matrix protein resulted in less intense staining than when polyclonal sera were employed. In our study, virus-infected cells stained intensely with the use of the MAb directed against the viral nucleoprotein. In another study, use of immunogold-silver staining and a pool of 2 influenza type A MAbs resulted in dark staining of nuclei in bronchial and bronchiolar epithelial cells and in parenchymal cells 9 similar to the staining observed in the present study. Occasional pale staining of cytoplasm also was reported. Comparison of an indirect FA technique for the diagnosis of swine influenza using fluorescein-labeled MAbs against viral nucleoprotein and VI in embryonated eggs has been reported previously. 11 The indirect FA was as specific and sensitive as VI in embryonating eggs. 11 In this study, direct FA using polyclonal antibodies against whole virus was not as sensitive as VI; however, IHC using MAbs against viral nucleoprotein was similar to VI in sensitivity. In both studies, use of MAb and an indirect method resulted in a more sensitive test because of increased specificity with greater amplification.
Not all cases of porcine respiratory disease in which the pigs had characteristic microscopic lesions were positive by IHC, FA, or VI. These negative tests can be explained by the usual short course of SIV infection. The virus replicates in the lung for only a short time, ≤ 48 hours, and presence of the virus precedes lesion development by several hours. 10 Subsequently, the virus may only be present in acutely affected animals, whereas lesions can persist for several days. Pigs positive by IHC, FA, or VI in which lesions were not present very likely represent peracute cases. Pigs negative by IHC, FA, and VI but that had characteristic lesions were likely in the resolving stages of clinical disease. Another factor that must be considered in these resolving cases is that infection with other etiologic agents, such as PRV, PRCV, paramyxovirus, and certain bacteria, may occasionally induce similar lesions of interstitial pneumonia and airway necrosis.
The greater sensitivity of IHC versus FA in this study was demonstrated by the higher percentage of agreement between IHC results and the presence of characteristic lesions (74%) or between IHC and VI (78%) than between FA and the presence of lesions (63%) or between FA and VI results (69%). VI also was more sensitive than FA in detecting SIV. Cases in which virus was not demonstrated by FA or IHC but from which virus was isolated may be explained by the multifocal distribution of lesions, the larger sampling volume allowed by the VI test, and the greater sensitivity of VI. In tissues in which antigen was demonstrated by FA or IHC but from which the virus was not isolated, condition of the sample must be considered. Submissions often consist of formalin-fixed and fresh tissue. Tissues are usually fixed in formalin at necropsy shortly after death or euthanasia of the animal, whereas the fresh tissue may continue to autolyze to the point that airway epithelium has sloughed or viral proteins have deteriorated by the time samples reach the lab and are processed. Virus recovery from visibly autolyzed tissue is difficult, but formalin may preserve the viral antigen, resulting in tissues from which virus was not isolated but that are IHC positive. The FA test is also adversely affected by autolysis. Another problem is nonspecific binding of the antibody to the tissue, particularly with an FA test in which a primary polyclonal antibody instead of the more specific primary MAb is used with the IHC procedure. 1 Although IHC appears to be more accurate than FA when compared with histopathology and VI, a fairly high agree-ment (75%) was seen when FA and IHC were compared. In 21 cases in which IHC and FA results did not agree, virus was demonstrated by IHC but not by FA in 19 cases, whereas in only 2 cases was virus demonstrated by FA but not by IHC, suggesting that IHC is more sensitive than FA. This difference in sensitivity may be explained by the difference between the direct method used in the FA protocol and the 2-step indirect staining method used for IHC, which allows for greater amplification for detection of antigen. Many more reaction sites per focus of virus antigen are present for the chromogen with IHC than are present for attachment of fluorescein-conjugated antibody in the FA test, thus a greater intensity of color will be observed in the IHC test.
This IHC test is a useful tool for detection of SIV in formalin-fixed, paraffin-embedded tissue. IHC appears to be of nearly equal sensitivity to VI and is superior to FA in antigen detection. IHC has added advantages of direct correlation between presence of viral antigen and characteristic microscopic lesions in tissues and is useful for performing retrospective studies on a large scale and on an individual case basis when fresh tissue may no longer be available.
